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Citers  and  greatest  infectlvlty  for  rhesus  monkeys:  A consistently 


reproducible  Rocky  Mountain  spotted  fever- infected  monkey  model  for 

pathogenesis  studies  and  testing  vaccine  is  produced  when  the  inoculum 

. 
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given  intravenously  contains  > 10  * chick  embryo  median  lethal  dose 
organisms.  This  is  optimally  attained  with  day-4  DEC  culture  harvest 
material. 


The  rhesus  monkey  has  served  as  a suitable  host  for  the  study  of 
the  pathogenesis  and  pathophysiology  of  Rocky  Mountain  spotted  fever 
(RMSF)  (4,6, 7, 9).  However,  to  establish  a reproducible  RMSF  infection 
in  subhuman  primates,  it  has  been  essential  to  grow  stock  inocula  of 
Rickettsia  rickettsii  of  high  yield  while  maintaining  their  infect ivity 
for  the  host.  This  report  describes  the  optimum  harvest  time  for 
rickett8lae-infected  duck  embryo  cell  (DEC)  cultures,  both  in  terms  of 
titer  and  infectivity  for  rhesus  monkeys. 

The  Sheila  Smith  strain  of  R.  rickettsii  was  propagated  in 
embryonated  chicken  eggs  according  to  the  methods  of  Stoenner  et  al. 

(8).  Seed  stock  was  stored  at  70“C  as  a 5 07,  yolk  sac  slurry  in  sucrose- 
phosphate-glutamate  (SPG)  buffer  (1).  Dilutions  were  made  in  SPG 
buffer,  pH  7.2.  The  preparation  of  DEC  cultures  and  the  techniques  for 
rickettsial  growth  and  harvest  have  been  described  earlier  (3). 
Rickettsiae  were  harvested  from  several  inoculated  flasks  daily  for  six 
consecutive  days  after  infection. 

Infectivity  of  each  harvest  obtained  on  these  six  days  was 
determined  by  titration  of  each  sample  by  serial  10-fold  dilutions  in 
the  yolk  sacs  of  6-day-old  embryonated  chicken  eggs  and  by 
intraperitoneal  (i.p.)  inoculation  of  Hartley  strain  male  guinea  pigs 
(350-400  g) . Guinea  pig  rectal  temperatures  were  measured  daily  for  14 
days,  scoring  any  temperature  greater  than  40.0°C  as  positive  Indication 
of  infection.  Guinea  pigs  were  also  examined  for  other  clinical  signs 
of  RMSF,  such  as  scrotal  swelling  and  erythema  of  footpads,  ears,  and 
scrotum.  The  chick  embryo  median  lethal  dose  (CELD^q)  and  guinea  pig  IP 
median  Infectious  dose  (GPIPID^q)  were  calculated  by  the  method  of  Reed 


and  Muench  (5) . 
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TWelve  rhesus  monkeys  of  either  sex,  3.2  to  4.5  kg  weight,  were 

allocated  Into  groups  and  Inoculated  Intravenously  (l.v.)  with  1 ml  of 

harvest  material^  TWo  monkeys  were  Inoculated  with  material  from  each 

day's  harvest  and  grouped  as  follows:  Group  I received  rickettslae 
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harvested  on  day  1 or  2 (10  * CELD^) , group  11  received  rickettslae 

harvested  on  day  3 or  6 (10^’^CELD^q) , and  group  III  received  organisms 

harvested  on  day  4 or  5 (^IO^’^CEIDjq).  Monkeys  were  monitored  daily 

for  16  days  to  record  Incubation  period  (time  from  inoculation  to  onset 

of  fever  ^40.0°C),  duration  of  Illness  (onset  of  fever  >,  40.0#C  to 

death,  or  until  temperature  decreased  to  < 40.0°C  In  survivors),  and 

time  to  death  (time  from  inoculation  to  death).  Pathological  examinations 

were  performed  on  all  monkeys  which  died. 

No  difference  in  numbers  of  rickettslae  were  apparent  in  stained 

(2)  smears  from  the  DEC  cultures  from  days  3 to  6 postinfection,  but 

peak  titers  of  6.2  and  7.5  logs  occurred  on  day  4 by  the  respective 

CELD^q  and  GPIPID^q  assay  methods  (Fig.  1).  Rickettsial  titers  for  day 

3 were  comparable  to  those  for  day  6 but  were  slightly  less  than  those 

for  days  4 and  5 (Fig.  1).  RMSF  infection  was  least  severe,  with  25Z 
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mortality,  in  monkeys  which  received  10  * CELD^  of  rickettslae 
harvested  from  DEC  cultures  on  day  1 or  2 (Table  1).  Group  II  monkeys 
inoculated  with  IO^’^CELD^q  of  rickettsial  organisms  harvested  from 
days  3 and  6 exhibited  50Z  mortality  with  a mean  incubation  period  of 
1.2  days  (Table  1).  The  disease  was  100 Z lethal  only  in  those  monkeys 
which  received  >_  10^*^  CELD^q  of  rickettslae  from  DEC  culture  material 
harvested  on  day  4 or  5 (Table  1).  Duration  of  illness  and  time  to 
death  were  generally  shorter  in  this  latter  group  (Table  1).  All 
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monkeys  that  died  exhibited  lesions  on  histopathologic  examination 
compatible  with  a diagnosis  of  RMSF. 

In  a subsequent  experiment,  a large  number  of  DEC  cultures  were 
Inoculated  with  R.  rickettsll  and  harvested  on  day  4 post inoculation. 
The  respective  GPIPID^q  and  CELD^q  titrations  showed  7.5  and  6.3  logs 
of  rickettsiae  in  this  material,  which  is  consistent  with  titers  shown 
in  Fig.  1.  Twenty  monkeys  infected  with  this  pool  exhibited  100Z 
morbidity  and  90Z  mortality  with  nearly  all  deaths  occurring  between 
days  3 and  6 postinfection  (4) . 

Clearly,  the  yield  of  rickettsial  organisms  depends  upon  the 
harvest  time  of  inoculated  DEC  cultures.  Stained  smears  do  not 
distinguish  between  live  and  dead  rickettsiae;  therefore,  they  should 
not  be  used  as  a means  of  determining  infect ivity.  Guinea  pig  and 
chicken  embryo  titrations  indicate  that  materials  harvested  on  day  4 or 
5 yielded  the  highest  titers  and  showed  the  greatest  infectivity 
(shortest  incubation  period,  highest  mortality  and  earliest  deaths)  for 
rhesus  monkeys.  This  is  approximately  2 days  earlier  than  the 
previously  recommended  harvest  time  for  DEC  culture  material  (3). 
Inocula  from  earlier  (days  1 to  3)  or  later  (day  6)  harvest  materials 
were  not  consistently  Infective  for  monkeys.  With  the  exception  of 
materials  harvested  on  days  1 and  2,  the  guinea  pig  assay  appears  to  be 


slightly  more  sensitive  than  the  chicken  embryo  assay 
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TABLE  1.  Dose  response  of  R.  rlckettsii  grown  In  DEC  cultures  and 
Inoculated  _i.v.  in  rhesus  monkeys  (n=4_) 


Inoculum  Log^ 

Days  (mean) 

gpipid5Q 

CELDgo 

Incubation 

period 

Time  to  death 

Duration  of  illness 
in  survivors 

4.0 

4.4-4. 5 

2, 2,4, 4 
(3.0) 

6 

_,8,5,8 

6.3 

5. 4-5. 6 

1,1, 2,1 
(1.2) 

3»5,_,_ 

7 , 10 

6.8-7. 5 

6. 0-6. 2 

1,1, 1,1 
(1.0) 

3, 4,4, 5 
(4.0) 
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FIG.  1.  R.  rickettsii  titers  by  day  postinfection  In  DEC  cultures 
assayed  by  two  methods:  CELD..Q  and  GPIPID^q. 
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